Purpose: Hyperglycemia and abnormal glucose tolerance tests observed in some patients with chronic Chagas' disease suggest the possibility of morphological changes in pancreatic islets and/or denervation. The purpose of this study was to describe the morphology and morphometry of pancreatic islets in chronic Chagas' disease.
Well-known clinical manifestations of chronic Chagas' disease include cardiac, esophageal, and colonic symptoms, which are often associated with visceral inflammation and parasympathetic denervation 1 . Some studies also suggest a more widespread parasympathetic denervation in chronic Chagas' disease. Manifestations of autonomic nervous system imbalance could include abnormalities in gallbladder function and higher frequency of cholelithiasis 2 , abnormalities in iris shape 3 , and increased frequency of headache 4 . Altered glucose and insulin responses after oral glucose tolerance tests have been described in chronic Chagas' disease and could be due to local parasitic action, β-cell involvement in chronic inflammation, or partial denervation of pancreatic islets (PI) [5] [6] [7] [8] . Nevertheless, studies describing the morphology of the pancreas in Chagas' disease patients are scanty. Vieira & Hadler reported a variable grade of fibrosis in the pancreas, which they named "pancreatic cirrhosis" 9 . In a pilot study, our group described increased PI size in necropsied patients with chronic Chagas' disease 10 . Rocha et al. also observed significant neuronal depopulation in the pancreas of 12 chronic Chagas patients, when compared to 14 normal controls 5 . Santos et al. described intrapancreatic neuronal depopulation and perineural leucocyte infiltrate in the pancreas of 6 women with chronic Chagas' disease 6 . Because of the interrelationships of PI and the intestinal tube (substrate, nerves, and peptidergic routes), and because patients with the digestive form of chronic Chagas' disease have a tendency to show higher degrees of parasympathetic nervous system denervation and altered glucose and insulin curves after oral glucose tests 7, 11 , we hypothesized that patients with the Megas form of Chagas' disease would have significant morphologic and morphometric differences in the PI, when compared to patients with the congestive heart failure (CHF), form or to normal controls.
The purpose of this study was to describe the morphology and morphometry of PI in individuals with chronic Chagas' disease, and to compare the area and density of the PI of patients with the Megas and CHF forms of Chagas' disease to a normal control group.
MATERIALS AND METHODS
This study was conducted in accordance with the Helsinki Declaration Ethics guidelines and approved by the Research Ethics Committee of the Triângulo Mineiro Medical School. Seventeen necropsied patients with chronic Chagas' disease were studied; 8 of them had the Megas (megaesophagus and/or megacolon) form, and 9 died from CHF associated with cardiomyopathy. The diagnosis of Chagas' disease was based upon positive T. cruzi serologic reactions (immunofluorescence, complement fixation, and hemagglutination) performed on the pericardial fluid obtained at necropsies 12 . Eight normal individuals, paired in relation to age, gender, and color, were studied as a control group. Nutritional status was assessed by the body mass index (BMI) 13, 14 , based on both body weight and height registered at necropsy (BMI = wt(kg)/ht 2 (m 2 ). The malnourished group consisted of individuals with BMI < 18.5 kg/m 2 . Cases with chronic pancreatitis, hepatitis, or liver cirrhosis, suggestive of alcoholism, and individuals with a history of diabetes mellitus were not included.
Pancreatic tissue samples from the head, body, and tail regions were collected at necropsy, fixed in 10% formaldehyde, and routinely processed. Each specimen was embedded in paraffin, and 6 µm sections were prepared for staining with hematoxylin-eosin (HE) and picrosirius stains. A pathologist, unaware of the group allocation of the cases, performed morphologic and morphometric studies. Using a video camera coupled to a light microscope, 20 PI were measured per section. The images displayed on the video monitor were integrated with a cursor that could be moved across a graphic measuring table that was connected to an interactive image analyzing system that provided linear measurements in µm and areas in µm 2 . Measurements of PI and respective lodging areas (thin layer of conective tissue attach to pancreatic exocrine tissue that delimite PI) were obtained in the head, body, and tail regions of the pancreas.
The PI density, expressed as PI/mm 2 , was calculated as a ratio of the PI number divided by the area of parenchyma evaluated in 20 microscope fields measuring 4.05 mm 2 . Pearson's coefficient was used to verify the correlation between PI area and density. In the morphologic analysis, the following parameters were considered: hemorrhages, fibrous, and inflammatory infiltrate, as well as changes in PI cells characterized by increased affinity for nuclei staining and/or enlarged size. The parameter's intensity was semi-quantitatively evaluated as absent, discrete, moderate, or accentuated. A single section from the head, body, and tail regions of the pancreas was examined in each patient. Normally distributed results were evaluated using the Student's t test or variance analysis (ANOVA). Other results were analyzed using the Mann-Whitney and KruskalWallis tests. The chi-square test was used to compare frequencies. In all cases, the differences were considered significant when the probability of rejection of the null hypothesis was less than 5% (p < 0.05).
RESULTS
There were no statistical differences, respectively, among the Megas, CHF, and Control groups in relation to age (52.3 ± 17.7 vs. 57.3 ± 18.7 years), predominance of male gender (64.6 vs. Table 1 shows the areas of PI and respective lodging areas, as well as PI densities, corresponding to the 3 pancreatic segments in Chagas patients and controls. The averages for the Chagas groups were greater, although the differences were not statistically significant. Table  2 shows the comparison between Chagas patients pertaining to the Megas or CHF and Control groups. In the head and body regions, the largest PI areas were in the CHF group, followed by Megas and Control groups.
In the tail region, the greatest PI area was in the Megas group, followed by Control and CHF groups. In the head and body regions, the greatest PI area was in the Megas group, followed by CHF and Control groups. In the tail region, the sequence observed was Megas, Control, and CHF. In all these comparisons, there was no statistical difference. The PI density in the head region was greater in CHF cases, followed by Megas and Control cases, differing from the body and tail regions, where the PI density was significantly greater in Megas cases, followed by Control and CHF cases. There was a positive and significant correlation (r = +0.73) between the PI area and density in the Megas group, especially in the tail of the pancreas (Fig. 1) .
Inflammatory infiltrate, absent in all control individuals, was observed as rare isolated foci in 5 sections from Chagas patients, with discrete intensification in 4 of them. Fibrosis of moderate or accentuated intensity was found in 3 control and 11 Chagas cases. There were hemorrhages in 3 sections from control and 4 from Chagas cases. Nuclear changes were found in 12 sections from control cases and 30 sections from Chagas cases. Concerning these parameters, no significant difference was observed between groups. Leukocytic infiltrate and discrete or moderate fibrosis were observed in intrapancreatic nerve ganglions of 2 Chagas individuals. No nests of T. cruzi were observed in the pancreas sections examined.
DISCUSSION
The results show that the PI lodging area, the area, and density of PI were greater in Chagas patients, especially among those with Megas form, when compared to controls. This result is in accordance to our previous work, in which the PI size in Chagas patients was significantly larger than in normal individuals 10 . In the Megas group, there were cases with the smallest BMI and the greatest PI area and PI density. So we believed that malnourishment did not interfere in PI size. In the literature on the other hand, an increase of the size of PI in experimentally obese animals 15 and a decreased size of the pancreas in malnourished children 16 has been described.
The autonomous nervous system (ANS) involvement in the genesis of cardiac and intestinal manifestations in chronic Chagas patients is well established 1, 17, 18 . In the present work, intrapancreatic ganglionitis was observed in 2 cases from the Chagas group, which is in agreement with the reduction in the number of neurons in intrapancreatic ganglions described in Chagas patients 5, 6 . Furthermore, alterations in the secretion of hormones and other peptides have been demonstrated, suggesting a partial denervation of the PI in Chagas individuals. This denervation could result from ganglionitis or regressive changes in the adjacent pancreatic parenchyma, with fibrosis and hypertrophy of the filaments and nerve ganglions. One may postulate that an intrapancreatic structure functioning as a pacemaker could be responsible for the cyclic oscillatory liberation of insulin in normal individuals and that nerve ganglions would perform this function 19, 20 . In accordance with other studies, we found greater PI densities in the tail region, both in Chagas and normal individuals 21 . Nevertheless, some authors have suggested that there is no relationship between the concentrations of PI in the 3 topographical regions of the pancreas and age, gender, body or pancreatic weight 6, 22 . We did not find any mention in the literature about the positive and significant correlation observed here between the density and size of PI in the tail region, especially in patients with the Megas form. Although there is a considerable variation in PI size in normal individuals, the PI number may be inversely proportional to the increase in their size. Moreover, regeneration or new formation of PI, represented by endocrine proliferation and differentiation in duct cells, may be found in some diseases.
On the other hand, patients with the Megas form present more intense denervation of intracardiac ganglions than patients with other clinical forms of Chagas' disease or normal individuals 12 . Loss of ganglion cells is also common in the duodenum of patients with the Megas form of Chagas' disease 23 . Alterations in the absorption of carbohydrates may occur as a consequence of parasympathetic denervation of the small intestine 24 . Studies with rats experimentally infected by T. cruzi showed that loss of neurons from the myoenteric plexus may cause disequilibrium in the functioning of the remaining neurons and in the production of some neurotransmitters 25 . It has also been observed that women with the chronic cardiac form of Chagas' disease have diabetes mellitus and disturbances in the regulation of glycemic level at a higher frequency than normal controls, probably due to reduced activity of the parasympathetic system 26 . Other studies have shown increases in pancreatic weight in rats after total vagotomy 27 . These facts are in agreement with experimental studies on cats that underwent ablation or stimulation of the sympathetic or parasympathetic innervation of the pancreas, in which changes in the number of α or β PI cells were found, in addition to possible transformations of pancreatic acinus into PI and vice versa 28 . One may infer that the PI of individuals with Chagas' disease could partially lose the modulatory control of their growth due to a possible disconnection of the pancreas from the digestive intramural ANS resulting from ganglion depopulation.
Although some authors consider insulitis to be specific to diabetes mellitus in the absence of diffuse pancreatitis 29 , insulitis may also be found in other diseases 30 . We did not find intense inflammatory infiltrate in the PI of patients with Chagas' disease; however, new formation of fibrous conjunctive tissue was more frequent in these cases, which is in agreement with other studies 9 . The infiltrate in the conjunctive tissue consisted of lymphocytes and plasmocytes, suggesting an inflammatory cause for fibrosis.
Microvascular involvement could also be a factor in the genesis of fibrosis, similar to Chagas myocarditis 31 , a phenomenon that has been described in patients with diabetes of long duration 30 .
On the other hand, since the average age of the two groups together was 58.2 ± 10.5 years, it is possible that this alteration could in part be due to the higher age group of the patients studied. Hemorrhages within the PI, generally discrete, were found in around 30% of patients in both groups. This is a common finding in necropsies of individuals with other diseases 32 . We did not find in the literature any data about alterations in PI cell nuclei in patients with Chagas disease. Our analysis of nuclear changes provided similar results in Chagas and Control groups, in accordance with the findings in acinus cells described by Vieira 9 . Although no correlation between nuclear volume and functional activity has yet been established, it is relatively common to find nuclei of variable sizes in endocrine glands of normal individuals 30, 32 . We did not observe parasitism by T. cruzi in the sections examined. In the literature, there is only one description of an amastigote nest in the pancreas of a patient with chronic Chagas' disease 33 . In another human case during the acute phase of Chagas' disease, the pancreas presented neither alterations nor parasitism 34 . However, such parasitic nests have been observed in the pancreas of hamsters and mice during experimental studies on acute Chagas' infection 35, 36 . According to the concept of the enteroinsular axis (EIA), the PI should have important connections with the intestinal tube via the nervous, peptidergic, and substrate routes 37, 38 . Increases in neuroendocrine system cell count 39 and gastrin serum levels [40] [41] [42] associated with reduction of pancreatic polypeptide (PP) levels have been reported 40, 42 . Gastrin may act as a growth factor, performing direct trophic actions at various sites including the gastrointestinal mucus and the pancreas [43] [44] [45] . Based on evidence that the PP of oxen doubles the synthesis of DNA in rats, a growth factor role has also been attributed to PP. Pancreatic polypeptide is found in the head region of the pancreas, and it is particularly related to the cells within PI. In the body and tail regions, the PP producing cells are immunocytochemically seen as dispersed elements between the acinus cells 43 . Coincidentally, it was in the head region of the pancreas where the Megas group presented PI of the smallest dimensions and densities. It is possible that the gastroenteric-pancreatic hormones may also play some role in the changes of PI density and size described here. There are several reports in the literature, experimental 34 and clinical 8, 11, 22, 24, 40, 46, 47 of functional alterations of the pancreas in Chagas' disease including glycemia, glucagon, and insulin responses.
These alterations suggest that the "substrate", the third component of the EIA, may have some role in the trophism and development of PI in individuals with chronic Chagas' disease, or that the changes found in the present work may partially explain the altered results in the laboratory tests described.
The possible involvement of the 3 EIA components associated with the ANS dysfunction and the morphologic alterations in the pancreas of chronic Chagas cases could, acting together, explain the morphologic and morphometric changes described here.
These findings also suggest that the growth, development, and possibly the functioning of the PI are modulated by stimuli from diverse origins, including the nervous system and exocrine, endocrine, and paracrine factors. Our data could help in the clinical and surgical handling of patients with Chagas' disease, in addition to better understanding the great prognostic variation among the different anatomical-clinical forms of Chagas' disease. ); o mesmo ocorrendo com a densidade das ilhotas na cauda do pâncre-as (respectivamente, 1,2 ± 0,7 vs. 0,9 ± 0,6 vs. 1,9 ± 1,0 IP/mm 2 ). Na cauda do pâncreas dos casos com Megas, houve correlação positiva e significante (r = + 0,73) entre a área e a densidade das ilhotas pancreáticas. Discreta fibrose e infiltrados leucocitários foram vistos nas ilhotas e em gânglios pancreáticos dos pacientes chagásicos. Ninhos de Trypanosoma cruzi não foram observados nos cortes examinados. Indivíduos com a forma Megas da doença de Chagas mostraram aumento da área e da densidade das ilhotas na cauda do pâncreas.
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